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Abstract 
X-ray sources are created at the Nova and Omega laser by irradiating a 

confined volume of Art Xe, or Kr gas. The gas is heated by forty 0.35 pm 
wavelength, 1-ns square laser beams to produce He-like ions that radiate K-shell 
emission over mm-sized dimensions. The targets are designed to be 
"underdense", meaning that the initial gas density is lower than the critical 
density of the laser, nc - lo2' cmq The laser energy is primarily absorbed by 
inverse bremsstrahlung and a supersonic heat wave efficiently ionizes the gas. 
Results from time-resolved and time-integrated diagnostics over a range of 
experimental parameters are compared. This work represents an important, new 
method for development of efficient, large-area, tailored multi-keV x-ray sources. 

I. Introduction 

Gas-filled targets have been shown to achieve x-ray conversion efficiencies 
that are an order of magnitude greater than disk targets.' They are being 
developed to use in radiography and material testing. Previous research at many 
international laboratories have embarked on x-ray conversion research because 
of its importance to diagnosing Inertial Confinement Fusion (ICF) plasmas and 
probing basic material structure. (ft) As higher power facilities such as the 
National Ignition Facility come on-line, more sophisticated future applications 
can require high photon energy, long temporal duration, and/or large size that 
current backlights cannot meet. 

To satisfy upcoming challenges, we are exploring the characteristics of laser- 
heated underdense targets. The goal is to enhance multi-keV x-ray output. 
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Therefore, first and foremost, we need to create high temperature plasmas. Gas- 
filled targets allow us to do this because the initial density of the target is below 
the critical density of the laser, which enables a supersonic heating of the gas. 
Because important parameters governing the plasma evolution are different from 
those for disks, this research challenges our current understanding of non-LTE 
plasmas. 

In this paper, we discuss the source characteristics of underdense radiators 
and present more of the supporting experimental data. First we will give an 
overview of previous x-ray source research and then discuss the physics of the 
underdense target heating. Because the dominant factors are not the same as for 
disks, the source characteristics impacting the multi-keV production are 
different. Characteristics addressed in this work include dependencies on the 
atomic number Z and density. 

i 

An important figure of merit for X-ray sources is the conversion efficiency. 
The conversion of laser energy into useable x-rays is quantified in conversion 

efficiency (CE) measurements where the total energy that is emitted by the 
source in a particular spectral bandwidth is divided by the absorbed laser 
energy. Laser-produced x-ray sources have been investigated largely in terms of 
the variation of laser parameters. For instance, papers have investigated x-ray 
conversion efficiency as a function of wavelength, pulse length, intensity, and 
focal spot. For solid disks, studies on with elements of different atomic numbers 
have produced an experimental database of conversion 
compilation from many different laboratories show a steep decline in conversion 
efficiency with photon energy. Overall, the fraction emitted in multi-keV x-rays 
is -= 1%, even though the total conversion efficiency integrated over all photon 
energies may be significant, especially for higher Z elements! 

A 

Many conversion efficiency studies have focused on the sub-keV x-ray 
range.'-9 Those studies have been motivated by ICF where near local 
thermodynamic equilibrium (near-LTE) radiation sources drive implosions. For 
ICF a plications, the radiation drive is produced inside of hohlraums, cylindrical 

the source is nearly Planckian, peaking at N 2.8 kT and the energy is often 
characterized by oT4 where a is the Stefan-Boltzmann coefficient and T is an 
effective blackbody radiation temperature. 

or sp K erica1 cavities that are irradiated by a laser. The frequency distribution of 

Other studies have investigated conversion efficiency in the multi-keV x-ray 
range, mostly in order to quantify duration and intensity at specific photon 
energies useful for specific radiographic and material testing applications. At 
multi-keV energies, creating blackbody sources with frequency distributions that 
peak at multi-keV photon energies is not possible even with high-powered 
lasers. In fact, hohlraum designs tend to minimize multi-keV photons because 
they can be a source of preheat on the capsule which is undesirable. In most 
cases, the targets for multi-keV sources have been simple solid disks. Using 
these targets, current facilities cannot produces sources which have multi-keV 
conversion efficiencies of over 1%. 
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While much work has been done to understand the physics and optimize 
target design for sub-keV x-rays, little work has been done to optimize backlight 
source output. Apart from studies as a function of laser parameters, the research 
to tailor multi-keV sources has largely been to fabricate mixed Z targets to 
increase the spectral bandwidth, or to use microdots or target angle to limit 
source size.(ft Zigler, me). The goal of this paper is to examine the underlying 
physics and to provide some useful scalings to help design suitable multi-keV 
sources. 

11. Underdense Sources 

Important characteristics of x-ray sources generally include the brightness, 
frequency distribution, temporal duration, size, and spatial uniformity. The 
frequency distribution and temporal duration of any particular source are 
determined by the application of interest. For inertial confinement fusion (ICF) 
sources have a near-blackbody frequency distribution, on the order of ns, and 
can either be constant in intensity, or shaped to optimize implosion trajectories. 
For radiography, maximum brightness in a limited bandwidth is needed with 
both long and short duration backlighting applications. The source size may be 
small to minimize s atial blurring in point projection applications, or, large for area backlighters.’” R 

Underdense x-ray sources provide flexibility in design to address all of the 
important characteristics of x-ray sources discussed above.12 Ther are produced 
by laser-heatin a gas which is confined in an enclos~re.’~” Ideally, the 

the radiator. It is filled with gas to a ressure such that the electron densi$lin 
/ 

A:, where A+, is the wavelength of the laser in microns. 

Experiments reported here use Be “can” enclosures to confine the gas. They 
are identical to those reported before - they made from cylinders are 2mm in 
diameter, 1.6 mm long, and 100 pm thick which are capped with endcaps that 
have holes to allow the laser beam energy to irradiate the inside volume of gas. 

wavelength lasers, using either 35.6 f 3.2 kJ in ten beams delivered in a 2 ns long 
square pulse or 20 kJ * 2.0 kJ in forty beams delivered in a 1 ns long square pulse, 
respectively. At both facilities, the beams remain at roughly the same power. 
Five beams of Nova or 20 beams of Omega entered through laser entrance holes 
(LEH) from each side of a cylindrical Be “can”, containing either Xe or Ar gas. At 
Nova, opposing beams produce overlapping spots on the inside wall. At 
Omega, 20 beams more effectively form a cone of irradiation. Schematics of the 
target and the laser irradiation are shown later in figures with x-ray images. 

In both cases, the laser beams were focused so that the expanding beams 
directly irradiated as large a volume of gas as possible. Best focus was placed 
outside the enclosure to keep beam intensities in a range of 2 x 10’’ W/cm at the 
LEH to 4 x 1014 W/cm2 at the wall of the Be cylinder. The pathlength through the 
gas was 1.3 mm long from the LEH to the wall. 

enclosure woul CH be transparent to the x-rays of interest and define the volume of 

the plasma, q, is less than the critical c f  ensity of the laser in n, = 1.1 x 1 

The experiments were performed on the Nova and Omega 0.35 pm 
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LEH to 4 x 1014 W/cm2 at the wall of the Be cylinder. The pathlength through the 
gas was 1.3 mm long from the LEH to the wall. 

The targets had gas fills of 80% Xe / 20 % Kr, 100% Xe, or 100% Ar. The 
initial density of the plasma is measured with high accuracy by transducers 
which monitor the gas pressure. When ionized to a charge state of 44, the 
nominal 1 atm gas pressure translates to ne -1 x 10 21 an-3, which is - 0.1 n,. In 
the Xe experiments initial fill pressures varied from 0.5 to 2.3 atm (-5-2576 q). 
For the Ar, we have performed a scan of pressures ranging from 0.5 to 3.0 atm 
(~2-13% q). 

Diagnostics are the same complement as described more fully before, 
however, the lines-of-sight are generally at 37.4 or 63.4 degrees on Omega 
whereas they are 0 or 90 degrees in the Nova experiments. These included time- 
integrated; crystal spectrometers, time-resolved x-ray diodes, and x-ray framing 
cameras. Specific diagnostic details are repeated in this paper when necessary. 

To obtain Xe conversion efficiency measurements, the time-integrated 
spectrum is spectrally integrated over the 4-7 keV energy range to obtain the 
total energy emitted in the L-shell radiation from the plasma with the 
assumption of isotropic emission. For Ar, the spectrum is integrated from 3-5 
keV. 

111. Comparison of a Disk vs. an Underdense Source 

Differences in plasma parameters are the basis for achieving higher multi-keV 
conversion efficiency. They can be revealed most clearly by comparisons 
between gas target to disk target simulations which do not introduce 3-D effects 
which can be difficult to model. For these purposes, the underdense radiator is a 
cylindrical gas column with a diameter equal to that of the laser focal spot. In 
Fig. 1, the temperature and density gradients for an underdense radiator initially 
at 0.01 g/cc are compared to a denser disk target initially at 3.06 /cc. In both 

from the right onto a target at z=O. Within the gas, laser absorption takes place 
predominantly by inverse bremsstrahlung at densities less than n,. In the disk, 
electron conduction efficiently conducts laser energy deposited at the critical 
density into much denser and cooler regions of the disk. Multi-keV emission is 
typically created in high temperature regions where the heated material becomes 
highly ionized. Thus, for disk targets in which the density steeply falls as the 
plasma ablates off the surface of the target in the positive z-direction, a small 
volume of the plasma is at the optimal plasma conditions for multi-keV 
production. For an underdense radiator where the laser has propagated 
into the gas, the volume where n, > lb’ an3 and temperatures > 5 keV has 
significantly increased. 

figures, a 0.35 pm wavelength laser with intensity 1 x 10’’ W/cm F. is incident 

1 nun 

The calculated overall energy balance is very different because of the method 
by which the plasma is formed. The supersonic heating of an underdense gas 
basically eliminates the ablative subsonic heating that occurs in solid disk targets. 
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In Fig. 2, we graph the absorbed laser energy partitioned into electron thermal 
energy, kinetic energy, and radiation < 4keV, and radiation > 4keV. The ion 
kinetic energy is negligible for the two targets. 

2 The kinetic energy is given by 1.5 me.: + 1.5 mivi while the thermal energy 
of the plasma is 1.5 n,kT e or, 1.5 n,kT for the electron or ions, respectively. 
From these calculations, we find that gas-filled targets are much more efficient at 
increasing the temperature in the plasma, thereby increasing the thermal energy 
in the plasma at the expense of the kinetic energy of the plasma. The higher 
temperature means that more energy is expended ionizing and heating the gas. 

The total radiated energy is the sum of the fractions of radiation above and 
below 4keV in Fig. 2 . Although the total radiated energy i s  slightly larger in the 
disk target, this is deceptive since the ma'ority is emitted as sub-keV x-rays 
generated in the denser ablative part of &e target. The reduction in soft (sub- 
keV) x-ray emission can be seen in Fig. 3 where the emission as a function of 
photon energy is plotted for the Xe-gas and a Xe disk. 

The spectra shown in Fig. 3 are calculated using an average atom model. L- 
shell emission is complex; therefore simplified atomic models are often used in 
calculating the emission in hydrodynamic simulations. These codes are not 
spectroscopically accurate. However to first order, the energy balance in the 
target is insensitive to radiation losses, so the trend in the relative weightings of 
the sub-keV and multi-keV energies are meaningful. Calculations of the x-ray 
using a more detailed atomic model can produce N 25 differences in absolute 
flux [16]. For the Xe disk, the high density plasma in the conversion layer is 
primarily heated by conduction and its radiation peaks near 1 keV. Calculations 
of the gas-filled target show that the emission of the L-shell at N 4.8 keV 
dominates the sub-keV emission. Therefore, the fraction of thermal energy in the 
target, which is associated with the low tem erature, sub-keV emission, is 

approximated by a coronal model because its temperature is in the range of 1 to 3 
times the ionization energy of the dominant ions in emission, 4.8-5.4 keV for L- 
shell Xe. 

smaller. For plasma conditions at 5 keV in t K e plasma emission can be 

IV. Dominant Physical Processes in the Plasma 

In the previous paper, we give analytic equations which describe the heating 
and cooling processes occurring in the source. Here we revisit them in order to 
provide a more fully illustrate essential aspects of the source. 

The target is heated by the absorption of laser light through collisional 
damping of the laser light wave. During this time, a heat front propagates 
supersonically through the target. The absorption length over which energy is 
deposited is determined by the inverse bremsstrahlung length, t, where Z is the 
ionic charge (neutral = 0), In A is the Coulomb logarithm, hL is the laser 
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wavelength in pm, T, is the electron temperature in keV, ne is the electron 
density in and n, is the critical density in cm3.16 

For Xe-filled targets discussed below, plasma conditions produce an average 
i 

Z=44, ne = 0.1 n ,  and Te - 5 keV. For a Coulomb logarithm ln A = 8, the 
absorption length is - 0.5 mm. The inverse bremsstrahlung absorption length 
determines how much plasma can be heated with a laser facility of a given 
energy. For our current lasers, this equation shows that mm-size plasmas can be 
created. 

Cooling, on the other hand, is due to electron conduction and radiation as 
discussed in the previous paper. The description of the electron conduction 
losses are dependent on the surface area of the heated volume. The maximum 
area for conductive cooling is conveniently defined by the outer structure of the 
Be “can”, thus even with some hydrodynamic evolution, a simple model is still 
seen to remains dependent on temperature. Coronal models of a radiatively 
cooling lasma show somewhat complex dependence on T when the plasma is 

density squared. The power lost from these competing rates is plotted, in Fig. 4. 
It shows that if the density increases by a factor of only 2, there can be a 
significance enhancement of the L-shell radiation. 

ionized p: ‘gh enough to emit L-shell radiation. However it is proportional to the 

V. X-ray Imaging 

In this section we will concentrate on the data provided by the x-ray images. 
Time-resolved x-ray framing cameras provide pinhole images of the source that 
are integrated over N 80 ps. With these images, we can provide evidence that 
the physical mechanisms described above are manifested in x-ray images of the 
source size. Furthermore, 2-D images also helped provide a means for 
optimizing the conversion efficiency. 

Fig. 5 shows a sequence of imaging data from Nova experiments which have 
a 5-fold symmetry around the “can” axis. The bleaching wave formed by the 
laser creates a high temperature sufficient to ionize Xe to L-shell in the plasma 
quickly. L-shell emission begins instantaneously and monotonically grows and 
peaks near the end of the pulse. 2-D images show the entire volume emitting - 1 
ns into the 2 ns pulse for photon energies greater than 4 keV. The Nova 
experiments were performed with the Xe/Kr gas mixture, and images at photon 
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energies greater than 13 keV from Kr do show spatial variations related to the 
plasma heating, indicating that either the temperature or density were not 
uniform in the target. 

The spectra and diode data have been discussed in the previous paper. Of 
particular note is that the Bragg crystal spectra were used to determine the 
experimental Te. We measure a time-averaged plasma electron temperature in 
the range of 4.5 to 5.5 keV. This measurement provides assurance that the 
inverse bremsstrahlung length is adequate to heat the target. 

The first confirmation that inverse bremsstrahlung is effective is found in the 
fact that the x-ray emission begins at the onset of the heating laser pulse. 
Furthermore, in the images at 1.3 ns, the entire volume of the target is in 
emission an individual images of the laser beams are not identifiable. We find 
that the taTget can be uniform to at least 10% and larger variations in other shots 
can be correlated to more poor beam energy balance. This provides evidence 
that the electron conduction in the non-irradiated areas is sufficient to heat the 
plasma to at least 4 keV, otherwise, the L-shell emission would not be observed. 

The brighter emission at the wall, particularly apparent in the axial view, is also of 
interest. The wall is made of Be and should not emit more than the heated gas at these 
photon energies. The Be wall material is provided by Brush Wellman and the material 
certification shows that the material is were 99.39 
contaminants are largely low to mid-Z materials. The highest 2 contaminant is Ti at 0.004 
% which is a small enough percentage to have a negligible effect on the emission, even if 
Ti He a lines at 4.7 keV are produced. Independent target characterization on site at 
LLNL of the actual target shows impurities of 0, Al, Si, S,  C1, K, Ca and Fe in small 
quantities that total less than 0.1 % by weight. Again this confirms that the impurities are 
insufficient to cause significant amounts of emission in these target images. Thus, the 
higher emission observed is probably an effect due to the higher density of the gas near at 
the wall since the Be is expected to ablate towards the center of the hohlraum and thus 
compress the gas. 

Fig. 6 shows x-ray images of the target from the side view filtered for two different 
photon energy bands. The lasers enter the hohlraum from the left and right of the target. 
On the left is an image filtered for x-rays at 4 keV and above. Here it is fairly uniform in 
the second half of the pulse and some plasma is seen escaping the laser entrance holes. On 
the right iq x-ray images filtered for > 13 keV a two lobed emission pattern is still visible 
early in tinie, but at about 1.5 ns, shown on the right, it remains non-uniform even later in 
the pulse. The data shows that the lasers have already propagated into the center of the 
hohlraum by 1 ns for Xe and - 1.3 ns Kr. 

Be. (P.O. # 1448403), where the 

Optimization of the target geometry was largely done experimentally. Simulations 
predict that approximately 90 % of the laser energy is absorbed in the plasma. We are 
unable to measure transmission through the Be wall. However, the non-uniformity of the 
spatially-resolved images provided guidance to improving the conversion efficiency. 
Initial experiments produced X-ray images that implied that the laser energy was not 
propagating into the "can" as expected because the central volume of gas was never 
observed in emission. Detailed post-simulations found that backscatter and inhibited 
electron conduction could not account for the unheated areas of the target. Further 
modeling with improved resolution at the LEH suggested that refraction of the laser 
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beams was occurring in the low density Be plasma formed at the edges of the entrance 
holes. To test this hypothesis, the LEHs were increased from 1.0 mm to 1.5 mm in 
diameter. This led to the fairly uniform x-ray images shown here and also shifted the 
peak of the x-ray pulse to the end of the laser pulse. Calculations with refraction were also 
able to reproduce the experimentally measured temporal emission, leading us to conclude 
that refraction was no longer a problem. 

An indication of the limits of the electron conduction are seen in Fig. 7 where 
a larger 3.6 mm diameter Be “can” was used. The predictions by large scale 
simulations were that the conversion efficiency would be comparable, but in fact 
it was only about 80% of the smaller 2 mm diameter targets. The x-ray images 
for these larger targets show the presence of individual plasma columns in 
emission in the area where the beam directly irradiates the gas. Images taken 
end-on from the axial pinhole imager are shown for the small and large “cans”. 
The blue and red circles in Fi 6 and 7show the diameter of the two different 

emission at the wall of the 2 mm diameter can which corresponds to the position 
of the incoming beams on the inside wall of the hohlraum. 

sized canstviewed end-on. T a e smaller diameter target images show bright 

Fig. 8 shows the temporal history of the x-ray pulse of the L-shell of Xe. The 
red curve is the new data showing a longer duration of the x-rays of interest. 
The green curve is for the old design with a smaller LEH and a 1 atm fill and the 
blue curve is for the larger 3.6 mm diameter target. Based on the evolution of the 
images, we believe the rise in the signal is correlated with the increasing volume 
of plasma in emission. The fall of the Xe temporal signal is dependent on the 
simple cooling of the laser-heated volume. According to calculations, the 
radiative cooling after the end of the laser pulse occurs primarily in. the sub-keV 
range. 

At Omega, the irradiation of the gas-filled target is much more axially 
symmetric since 20 beams enter from one side. These are taken at an angle of 
63.4 degrees from the “can” axis. These images are taken over the 1 ns pulse. 
This is much more similar to the calculational geometry. Comparable images for 
a 0.5,1.0, and 2.2 atm Xe target taken at Omega are shown together. The 
enhanced filling produces an image that is qualitatively more similar to 
calculations that tend to show two lobes of emission. 

t 

Data from different targets at Omega taken for pressures corresponding to 
1021 clearly show the a todc  number dependence for the inverse 
bremsstrahlung. Fig. 10 shows that Ar gas target, having a lower Z, is observed 
in emission over the full volume of the Be ”can”. However, the Xe gas target 
shows two distinct lobes of emission. The central volume of the plasma never 
heats up. 

CALCULATIONAL DETAILS OF IMAGES - EMISSMTY, te ne- comp w / codes 
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VI. Multi-keV Conversion Efficiency 

Since L-shell conversion efficiencies have not been as extensively investigated 
as K-shell or M-shell conversion efficiencies, we 'undertook the comparison study 
of the slab conversion efficiency with beams spatially smoothed using KPP phase 
plates. These CsI experiments were performed with the same diagnostics as 
those used for the Xe-filled Be cans. They were performed by irradiating a slab 
target which had 6 pm of CsI coated on each side. 

Past research has been difficult to reconcile with simulations because the 
experimental laser intensity was difficult to model. Due to limited energy 
available at laser facilities, the laser intensity was varied by changing the spot 
size. Also, although beam image relaying techniques improve the spatial beam 
profile, th& actual spatial intensity profile still contains hot spots unique to each 
beam. 

In this study we improve both of these experimental limitations. KPP phase 
plates E191 were used to smooth the beams by eliminating > 10 pm-sized hot 
spots in the spatial profile and to define a 400 pm FWHM spot for each 
individual beam on target. The dependence of the conversion efficiency on laser 
intensity was investigated by varying the laser energy for a given spot size. 
dependence of the conversion efficiency on source size was experimentally 
investigated by varying the overlap of the beams. The dependence of the 
conversion efficiency on laser intensity was investigated by varying the laser 
energy for a given spot size. 

The 

Since simulations typically employ a smooth envelope to model the spatial 
distribution of the laser beam intensity and not the far field intensity profile of 
the beam itself, these solid disk measurements discussed here provide a cleaner 
comparison to simulations than the typical reported data of this kind. 

For the CsI solid target experiments, Fig. 11 show a plot of conversion 
efficiency as a function of laser intensity. We also show predictions from 
calculations of these experiments. X-ray conversion efficiencies are 0.8 to 1.7 % 
were obtaihed from these experiments. They are lower than initial predictions 
by at least a factor of 2. Calculations show that there is a significant dependence 
on the flux limiter and possible B-field effects that affect the simulated 
conversion efficiencies and this is being investigated. Two dimensional modeling 
of the expansion also affects these calculations, generally lowering the 
conversion efficiency due to expansion of the plasma. Calculations using two 
different flux limiters, a, in two-dimensional simulations give significantly 
different results. These flux limiters span a reasonable range for modeling ICF 
targets [20]. Physically, a higher flux limiter corresponds to a longer length of 
conduction region. These simulations are over a factor of two lower than the 
one-dimensional simulations. However, the experimental results are still below 
the predictions from two-dimensional simulations. 
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Finally, in Fig. 12 we show a plot of the conversion efficiency versus electron 
density or pressure. The point for a solid target, CsI, at a density of Ne - 4 x 10 23 

is also placed on the graph in order the represent the conversion efficiency of an 
ablative target on the same graph. It is clear from the data that the Xe conversion 
efficiency peaks near critical density. We are unable to pressurize targets higher 
to obtain higher density points due to the fragility of the CH windows. 
However, based on our understanding of the sources, it is reasonable to conclude 
that we are near the peak of the optimization in pressure. 

VII. NIF-scaling 

As discussed in the previous paper, the primary heating during the laser 
pulse can be estimated as a power balance between the heating by the incoming 
laser energy and the cooling due to multi-keV radiation and electron conduction 
into the gas surrounding the laser-heated volume. Figure 13 shows the 
calculations and the scaling of multi-keV radiators to NIF laser powers. It agrees 
fairly well for calculations on a spherical gas-filled target. The x-ray power and 
intensity both scale up with laser power. 

More research will investigate the physical rocesses in more detail to enable 
better tailoring of the as-fill and target sizes. Rowever, since the gas heating is 
lar ely governed by &e inverse bremsstrahlung abso tion, we can develop a 

realizable on the National Ignition Facility. 
sca f ing which allows us to predict x-ray conversion ef Tp iciencies that should be 

VIII. Conclusions 

New multi-keV sources have been developed on the Nova laser. These 
sources are underdense radiators that take advantage of bound-bound radiation 
to maximize emission in the 4-7 keV photon range. The method of production is 
by supersonic heating of a confined gas. This technique allows efficient 
ionization of high-Z atoms, with less energy expended in kinetic energy and 
parasitic sub-keV emission losses. 

The high conversion efficiency of these targets is due to optimization of the 
initial target conditions and laser parameters to produce high temperature 
plasmas. Laser energy coupling into the target is still important. However, as 
long as initial conditions are controlled to ensure supersonic heating with 
minimum backscatter, future advanced designs for gas-filled targets can be more 
focused on design of the target, i.e. the choice of gas, and use of hydrodynamic 
motion to maximize the emission. Laser-produced plasma sources have 
advantages over other x-ray sources because the target design and laser 
irradiation conditions can be optimized to create the source. 

for radiograph, material testing, and next-generation fluorescence-type 
diagnostics. Furthermore, applications of these types of sources can be very 
diverse. For instance, the targets are modular and for future NIF applications, 
they can be multiplexed to provide extended sources for irradiating large areas. 

The radiators have well-defined, uniform source size which is advantageous 
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Or with standardized laser and target conditions, they may become instrument 
calibration sources. These studies are on gas-filled targets which have recently 
shown promise as new backlight sources because they scale more favorably to 
higher photon energies. 
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FIGURES L 

Figure 1 One-dimensional calculations comparing the plasma parameters for a 
cryogenic Xe disk versus a Xe gas column irradiated by a laser. 

Figure 2 Energy partition in a plasma created from a cryogenic Xe disk and a Xe 
gas target. 

Figure 3 Average atom non-LTE spectra calculated for disk and gas target 

Figure 4 Cooling rates plotted for electron conduction and L-shell radiation 

plasmas. 

Figure 5 Series of x-ray images of the L-shell emission from a Xe-filIed Be can 
irradiated at the Nova laser facility. A schematic of the target and 
laser irradiation shows the target as seen by the diagnostic. 

Figure 6 Two-dimensional x-ray images of the Nova target. The image of the left 
is for energies > 4 keV and is dominated by the Xe emission at 1.3 ns . 
The image on the right is filtered for energies > 13 keV at 1.3 ns and 
‘are primarily from Kr in the gas target. I 

Figure 7 Images of 3.6mm diameter target. X-ray image for a 1 atm pressure 
target at photon energies hv > 4 keV at 1.8 ns into the pulse. In the Xe 
image, the larger volume is not uniform and the corners of the target 
are not heated sufficiently to emit > 4 keV x-rays. In the Kr image, the 
emission is in the center and does not spread to the full diameter of 
the can. 

Figure 8 Temporal diode traces of Xe target 



Figure 9 X-ray images of Xe targets for pressures of 0.5,l.O and 2.2 a b .  The 
schematic of the laser configuration at Omega is roughly tilted to be at 
approximately the same angle as the data. However, the image is a 
project of the target viewed 63.4 O from the cylindrical axis. 

Figure 10 Xe vs Ar images, both at about 0.8 ns for targets of Ne - 1 x 10 21 an3 

Figure 11 CsI conversion efficiency as a function of laser intensity. Two 2- 
dimensional simulations use different flux-limiter values as discussed 
in the text. 

Figure 12 Multi-keV x-ray conversion efficiency of Xe vs electron density 

Figure 13 Summary of multi-keV x-ray conversion efficiencies. The Te scaling 
provides a useful scaling of the conversion efficiencies with laser 
power. 
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